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Art Unit: 2881 

Detailed Action 
Claims Rejection - 35 l/.S.C. 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 
that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

2. Claims 1-19,31,32,43,44,48, and 49, are rejected under 35 U.S.C. 102(b) as 
being clearly anticipated by U.S. Patent No. 5,990,477, to Tomita. 

Tomita (477) clearly discloses a scanning probe microscope that includes a 
probe 1 , a vibration application portion consisting of a piezoelectric vibrating body 2 
and an AC voltage-generating means 3, a vibration-detecting portion consisting of a 
quartz oscillator 4 and a current/voltage amplifier circuit 5, a coarse displacement 
means 6 for bringing the probe close to the sample surface , a sample-to-probe 
distance control means consisting of a Z fine displacement element 1 1 and a Z servo 
circuit 12, a two-dimensional scanning means consisting of an XY fine displacement 
element 13 and an XY scanning circuit 14, and a data-processing means 15 for 
converting a measurement signal into a three-dimensional image . A resilient body 16 
produces spring pressure that holds the probe 1 to the quartz oscillator 4. When the 
probe vibrating horizontally is brought close to the sample surface, a shear force acts 
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on the tip of the probe. This reduces the amplitude of the vibration . The probe and 
the quartz oscillator are secured together by spring pressure and thus operate as a 
unit . Therefore, the decrease in the amplitude of the vibration of the probe results in a 
decrease in the amplitude of the vibration of the quartz oscillator. This in turn reduces 
the output current, which is detected by the current/voltage amplifier circuit. The 
distance between the sample and the probe is controlled with the Z fine displacement 
element and the Z servo circuit to maintain the output current from the quartz oscillator 
constant. In this way, the tip of the probe is kept at a constant distance from the 
sample surface. Under this condition, the probe is scanned in two dimensions across 
the sample plane to produce a three-dimensional image. See Column 3, line 47-67, 
and Column 4, line 1-10. 

Tomito (477) also discloses that a quartz oscillator 4 and a piezoelectric oscillator 
2 are bonded to a quartz oscillator holder 25 with adhesive . A PZT device in the form 
of a flat plate is used as the piezoelectric oscillator . When an AC voltage is applied to 
the PZT device, it vibrates, forcing the quartz oscillator to vibrate. If the vibration 
frequency is made coincident with the resonant frequency (e.g., 32.7 kHz) of the 
quartz oscillator, the quartz oscillator resonates. Then, piezoelectric effect induces an 
electric charge on the electrodes of the quartz oscillator. The resulting current, is 
detected by a current/voltage amplifier circuit . Since a current proportional to the 
amplitude of the vibration of the quartz oscillator is produced, the state of the vibration 
of the quartz oscillator can be measured from the detected current . A probe 1 is held 
to the quartz oscillator by spring pressure of a resilient body 16. The used probe is 
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prepared by chemically etching the tip of tungsten and machining it into a tapering 
form . The probe can be made of metals in this way . See Column 4, line 51-67, and 
Column 5, line 8-12. 

Tomita (477) further discloses that the sample is held in a vacuum, using a 
vacuum chamber 18. In this way, the sample can be retained in a vacuum. The 
vacuum chamber may be provided with a gas inlet port, and the sample may be 
exposed to an inert gas or reactive gas. Under this condition, an electric field, 
magnetic field, electric current, light, heat, pressure, or the like was applied from the tip 
of the probe to the sample surface, as recited in Claims 31,32,48, and 49. See 
Column 5, line 65-67, and Column 6, line 1-5. 

Claims Rejection - 35 L/.S.C. 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and the 
prior art are such that the subject matter as a whole would have been obvious at the time the invention was 
made to a person having ordinary skill in the art to which the subject matter pertains. Patentability shall not 
be negatived by the manner in which the invention was made. 

4. Claims 20-30, 33-42, 45-47, and 50-78 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Tomita (477), as applied above to Claims 1-9,31,32,43,44,48, 
and 49, and in further view of Adderton (506). 
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Regarding Claims 20-23, Tomita (477), as applied above to Claims 1- 
19,31,32,43,44,48, and 49 discloses a scanning probe microscope apparatus and 
method that includes nearly all the limitations of Claims 20-23, but does not include the 
use of "a diode detector for detecting the probe signal", or "a characteristic signal that 
shows a capacitance between the probe and the sample" . Adderton (506); however 
discloses scanning capacitance microscope wherein a surface of the sample is 
scanned in intermittent contact mode with an the AFM. The probe tip is electrically 
conductive and is electrically connected to a capacitance sensing circuit. The 
oscillation of the AFM probe modulates capacitance between probe tip and sample 
surface . The modulated capacitance is demodulated to yield the capacitance 
properties of the sample. See the Abstract. Also, the amplitude of the signal is 
detected and outputted from the capacitance sensing circuit as a signal corresponding 
to the tip-sample capacitance, plus any parasitic capacitance. Other types of 
capacitive sensors, e.g. capacitive bridge circuit s and impedance transformers, may 
also be used. See Column 1, line 65-67, and Column 2, line 1-4. 

It is implied herein that the use of capacitive sensors in accordance with 
Adderton (506) is equivalent to the use of a "diode detector for detecting an output 
signal" as recited in Claims 20-23. 

Therefore, it would have been obvious to one of ordinary skill in the art that one 
could design a scanning probe according to Tomita (477) and use capacitive sensors 
to detect the capacitance between the probe and the sample in accordance with the 
teaching of Adderton (506). 
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Regarding Claims 24-30. 33-42, 45-47, and 50-78, Tomita (477), in view of 
Adderton as applied above to Claims 1-23,31,32,43,44,48, and 49 discloses a 
scanning probe microscope apparatus and method that includes nearly all the 
limitations of Claims 24-30, 33-42, 45-47, and 50-78 but does not include the use of "a 
characteristic signal that shows a differential component of capacitance and current", 
or " a calculating unit for calculating a differential component". Adderton (506); 
however, discloses that the amplitude of the capacitance modulation signal results 
from the electrical series combination of the modulated air gap capacitance, i.e. the 
capacitance between the tip and sample, and the substantially unmodulated 
capacitance of the sample surface, i.e. the sample capacitance. The signal amplitudes 
are demodulated, preferably at the frequency of the probe tip oscillation, or tapping, 
producing signals corresponding to the oscillation amplitude of the tip-sample 
capacitance. Alternatively, modulation at harmonics of the oscillation, or mixing of 
multiple oscillation frequencies, may be used. The demodulated capacitance signals 
may be stored, and may also be displayed as an image representative of the tip- 
sample capacitance as it varies across the sample surfaces. Such images may, for 
example, represent variations in carrier or impurity concentrations across 
semiconductor samples, or variations in the capacitance across a dielectric layer on 
the surface of a semiconductor sample or a conductor sample. Variations in dielectric 
capacitance may correspond to intrinsic properties such as trapped charge or 
dielectric constant or variation in thickness. See Column 1 , line 40-67, and Column 2, 
line 1-20. 
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Adderton (506) also teaches in FIG. 1 an AFM including probe tip oscillator 1 that 
oscillates cantilever 2 and conductive probe tip 3 (collectively "probe 15"). Probe 15 
may be magnetic, and can be oscillated by a magnetic actuator. Probe 15 moves 
toward and away from the surface of sample 4 in oscillatory motion, preferably at or 
near a resonant frequency of probe 15. Conductive probe tip 3 is electrically 
connected to UHF capacitance sensor 6 via path 1 1 . From sensor 6, modulated 
capacitance signals, corresponding to variations in the tip-sample system capacitance, 
pass on path 13 to lock-in amplifier 7. Lock-in amplifier 7 demodulates the capacitance 
signals at the oscillation frequency, or at some combination of frequency oscillation 
harmonics, of probe 15, resulting in signals that correspond to the modulation 
amplitude of the tip-sample capacitance. These signals pass on path 14 to control and 
computer 8. Signals on path 14 pass into AFM computer control electronics 8 to be 
stored for each data point with respect to X and Y position on sample 4. Such data 
may also be passed to display device 12 for display as an image of sample 
capacitance(s) on or across sample 4. This display could also show, simultaneously 
or othenA/ise, a topographic image of sample 4 obtained from the motion of probe 15. 
See Column 2, line 53-67, and Column 3, line 1-16. 

It is implied herein that the use of modulated capacitance signals detected by a 
lock-in amplifier in accordance with Adderton (506), is equivalent to detecting and 
calculating the "first differential component of capacitance and current" as recited in 
Claims 24-30, and 36-42. 
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It is also implied herein that the use of modulated capacitance signals, then 
detecting the demodulated signal at the oscillation frequency with a lock-in amplifier in 
accordance with Adderton (506), is equivalent to detecting and calculating the "second 
differential component of capacitance and current" as recited in Claims 24-30, and 36- 
42. 

Therefore, it would have been obvious to one of ordinary skill in the art that the 
Tomita (477) scanning probe apparatus and method could be modified with the 
modulated and demodulated capacitance signals representative of the tip-sample 
capacitance as it varies across the sample surfaces, in accordance with the teaching 
of Adderton (506), to extend the applicability of the Tomita (477) invention to detect 
variations in carrier or impurity concentrations across semiconductor samples, if so 
desired. 

Conclusion 

5. Any inquiry concerning this communication or earlier communications should be 
directed to Phillip Johnston whose telephone number is (703) 305-7022. The examiner 
can normally be reached on Monday-Friday from 7:30 am to 4:00 pm. If attempts to 
reach the examiner by telephone are unsuccessful, the examiners supervisor John Lee 
can be reached at (703) 308-41 16. The fax phone numbers are (703) 872-9318 for regular 
response activity, and (703) 872-9319 for after-final responses. In addition the customer 
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service fax number is (703) 872- 9317. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703 308 
0956. 
PJ 

February 5, 2003 




SUPERVmV PATENT EXAMINER 
TEolraLOGY CENTER 2800 



